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INTRODUCTION 


Multiple  channel  serum  analyzer  capabilities  are  available  today 
in  many  community  and  research  medical  facilities.  Normal  serum 
values  for  laboratory  animals  have  not  been  established  to  date  using 
the  Sequential  Multiple  Channel  Analyzer  Computer  (SMAC-20). 

The  advantages  of  multiple  channel  tests  as  given  by  Galen^  in- 
clude: 

1.  It  provides  additional  information  in  the  form  of  an  extra 
test.  Typical  screening  profile  involves  both  "first-order"  and 
"second-order"  tests.  When  the  first-order  test  shows  the  existence 
of  some  abnormality,  a second-order  test  is  usually  given  to  supply 
additional  information  and  to  confirm  the  diagnosis.  The  SMAC-20  pro- 
vides both  tests  at  the  same  time,  thus  speeding  diagnosis. 

2.  It  provides  additional  sampling  without  additional  sample 
labeling  thus  eliminating  potential  sources  of  error. 

3.  Technician  time,  analysis  time,  and  reporting  time  are  saved. 

The  blood  chemistry  values  presented  in  this  report  utilize  the 
US  Army  Aeromedical  Research  Laboratory's  (USAARL)  animal  colonies. 
Animals  from  the  Fort  Rucker  area  were  used  in  establishing  SMAC  blood 
chemistry  values  for  dogs  because  USAARL 's  colony  lacked  a sufficient 
number. 

This  study  was  initiated  to  establish  normal  values  for  the  USAARL 
animal  colony.  Review  of  available  literature  provided  only  partial 
studies  of  normal  blood  chemistry  values  using  automated  analysis.  The 
data  in  this  report  now  provides  the  first  available  normal  values  for 
dogs,  miniature  swine,  mice,  and  horses  analyzed  by  the  Sequential 
Multiple  Channel  Analyzer  Computer. 
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MATERIALS  AND  METHODS 


Blood  samples  for  SMAC-20  analysis  were  collected  from  126  dogs, 
37  horses,  39  Swiss  Webster  albino  mice,  and  10  Pittman-Moore  minia- 
ture swine.  All  animals  were  examined  by  a veterinarian  to  assure 
normality  and  health. 

Standard  restraint  procedures  were  used  during  blood  withdrawal 
from  the  cephalic  and  external  jugular  veins  of  the  dogs  and  horses, 
respectively,  using  10  milliliter  (mJ,)  vacutainers.  In  order  to  facil 
itate  the  venipuncture  of  the  anterior  vena  cava  in  swine,^  a trough 
device.  Figure  1,  was  used  for  restraint.  Once  restrained  the  entire 
trough  was  inverted,  placing  the  pig  in  dorsal  recumbency.  The  mice 


FIGURE  1.  Illustrates  position  of  the  pig  and  the  restraint  mechanism 
used  to  collect  blood  via  anterior  vena  cava. 


were  anesthetized  with  halothane,  then  placed  in  dorsal  recumbency  with 
appendages  secured  to  a small  mice  restraint  board,  Figure  2.  Blood 
was  then  withdrawn  from  the  brachial  vessels.^ 

All  blood  samples  were  collected  in  the  morning  at  0900  hours  + 

2 hours  following  a 24-hour  fast.  The  blood  was  allowed  to  clot  for 
30  minutes  at  room  temperature  prior  to  centrifuging  and  separation  of 
serum  from  the  clot.  Serum  was  stored  at  0°C  for  no  more  than  1 week 
before  analysis. 
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FIGURE  2.  Shows  a mouse  restrained  for 
blood  collection  from  the  brachial  vessels. 
The  circle  represents  the  collection  site. 
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RESULTS 


Tables  1-5  provide  a summary  of  the  SMAC-20  profiles.  Evaluation 
of  canine  blood  chemistry  samples  utilized  two  parameters  to  evaluate 
differences— age  and  sex. 

Tables  4 and  5 provide  the  mean  and  standard  deviation  for  male 
and  female  dogs  for  age  brackets  of  less  than  1 year  to  greater  than 
5 years.  ! 

Table  6 provides  the  following  information,  regardless  of  age  or  i i 

sex  of  the  dog,  for  blood  chemistry  levels:  mean,  standard  deviation,  I 

maximum  and  minimum  values,  and  units.  It  also  provides  the  veteri-  I 

narian  with  a probability  factor  based  on  age,  sex,  and  age  and  sex.  ' 

Using  these  probabilities,  it  can  be  determined  if  significant  differ-  j ; 

ences  of  each  blood  serum  value  exist  for  age,  sex,  and  age  and  sex.  i 


DISCUSSION 


Values  for  a normal  horse  and  a normal  dog  have  been  presented  j 

previously  for  a number  of  the  serum  constituents  presented  in  this 
paper  for  other  multiple  channel  biochemical  analyses.  Of  those  in  i 

the  horse,  only  alkaline  phosphotase,  cholesterol,  glucose,  SGOT,  and  j 

triglyceride  differ,  all  of  which  fall  within  the  normal  range  pre- 
sented here  except  alkaline  phosphotase  which  had  a value  below  our  i 

minimum  range.  The  difference  in  results  cannot  be;  explained  due  to  ! 

limited  information  concerning  clinical  state  of  the  subject.  However, 
it  has  been  shown  previously  that  serum  constituents  will  vary  with  ‘ 

time  of  day,  differences  among  subjects,  location,  and  instrumenta-  • ; i 

tion.**  Because  of  the  limited  number  of  variables  within  mice  (age,  r 

sex,  environment,  and  time  of  day),  differences  are  attributed  to  vari-  I 

ations  within  subjects.  ‘ ■ 

I 

From  Tables  4 and  5 it  can  be  seen  that  there  is  a significant 
difference  in  the  serum  levels  of  certain  constituents  based  on  age 
and  sex.  Because  of  these  differences,  it  is  evident  that  age  and  sex  > 

should  be  considered  before  clinical  laboratory  findings  of  serum  con-  I 

stituent  values  are  accepted  as  normal  or  abnormal.  The  range  found  1 

in  this  study  indicates  the  difficulty  in  differentiating  the  normal  i 
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from  abnormal  for  a specific  patient.  It  further  implies  that  the 
most  common  approach  to  establishing  normals  for  clinical  laboratory 
tests,  as  the  mean  value  plus  or  minus  two  standard  deviations,  is 
not  justifiable  for  an  individual  patient.^ 


CONCLUSION 


Under  a standard  laboratory  environment,  USAARL  established  indi- 
vidual normal  values  for  the  laboratory's  animals  with  only  feeding 
controlled.  Due  to  the  various  intrinsic  and  extrinsic  factors  that 
affect  serum  constituent  levels,  it  is  becoming  more  and  more  advanta- 
geous, where  possible,  for  the  animal/patient's  own  normal  values  to 
be  determined  on  a control  rather  than  a range  of  normal  values. 

The  use  of  the  SMAC-20  is  of  importance  in  both  research  and  ( 

clinical  medicine.  The  SMAC  can  provide  the  practicing  clinical 
and  research  veterinarian  with  two  types  of  profiles--disease  specific  ^ 

and  multi  phasic  screening.  The  normal  range  of  biochemical  determi-  ; 

nations  has  been  developed  for  military  and  civilian  research  animal 
laboratories  with  the  advanced  state  of  the  art  Sequential  Multiple  ' 

Analyzer  Computer.  This  study  provides  a ready  reference  for  those 
military  and  civilian  research  facilities  initiating  animal  programs. 
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TABLE  1 


SMAC-20  PROFILE  OF  36  FASTED  SWISS  WEBSTER  ALBINO  MICE 


Parameter 

Mean 

Standard 

Deviation 

Maximum 

Minimum 

Units 

Glucose 

181.2 

+ 

32.2* 

222.0 

125.0 

mg/dl 

BUN 

21.5 

+ 

2.6 

29.0 

18.0 

ng/dl 

Creatinine 

0.5 

0.6 

0.6 

0.4 

mg/dl 

Na 

150.2 

± 

2.7 

155.0 

144.0 

meq/L 

K 

7.2 

± 

9.0 

8.5 

5.6 

mcq/L 

Cl 

114.1 

± 

2.1 

118.0 

112.0 

meq/L 

CO2 

8.5 

+ 

1.8 

12.0 

6.0 

meq/L 

Uric  Acid 

3.8 

± 

8.1 

4.9 

2.0 

mg/dl 

Calcium 

9.8 

± 

4.4 

10.4 

9.0 

mg/dl 

Phosphorus 

8.4 

± 

6.1 

9.5 

7.4 

mg/dl 

Iron 

219.3 

± 

35.3 

290.0 

177.0 

mcg/dl 

Total  Protein 

5.6 

± 

2.7 

6.2 

5.1 

g/dl 

Albumin 

3.1 

± 

1.3 

3.2 

2.8 

g/dl 

Aik.  Phos. 

90.0 

± 

10.7 

111.0 

75.0 

U/L 

Total  Billir. 

0.1 

± 

0.2 

0.1 

0.1 

mg/dl 

Cholesterol 

98.2 

+ 

9.1 

121.0 

86.0 

mg/dl 

Trigly. 

42.6 

+ 

16.9 

70.0 

17.0 

mg/dl 

SGOT 

2024.1 

+ 

2918.9 

6326.0 

96.0 

U/L 

LDH 

463.5 

t 

166.1 

766.0 

220.0 

U/L 

CPK 

1856.3 

+ 

1061.2 

3538. C 

245.0 

U/L 

*Mean  +/S.D. 


TABLE  2 


SMAC-20  PROFILE  OF  10  FASTED  PITTMAN  MOORE  MINIATURE  SWINE 


Parameter 

Mean 

Standard 

Deviation 

Maximum 

Minimum 

Units 

Glucose 

160.9 

+ 

54.7* 

268.0 

111.0 

mg/dl 

BUN 

11.3 

+ 

2.8 

17.0 

9.0 

mg/di 

Creatinine 

16.9 

+ 

2.4 

21.0 

14.0 

mg/dl 

Na 

151.5 

± 

1.9 

154.0 

149.0 

meq/1 

K 

33.0 

+ 

2.4 

37.0 

29.0 

meq/1 

Cl 

107.4 

+ 

2.5 

111.0 

104.0 

meq/l 

COg 

15.4 

+ 

4.7 

21.0 

7.0 

meq/1 

Uric  Acid 

1.1 

+ 

0.4 

2.0 

1.0 

mg/dl 

Calcium 

113.8 

+ 

4.9 

121.0 

107.0 

mg/dl 

Phosphorus 

52.9 

+ 

5.4 

60.0 

46.0 

mg/dl 

Iron 

187.4 

+ 

20.5 

220.0 

161.0 

mcg/dl 

Total  Protein 

85.3 

+ 

2.9 

91.0 

82.0 

g/dl 

A1 bumi n 

49.5 

+ 

2.9 

54.0 

46.0 

g/dl 

Aik.  Phos. 

18.3 

+ 

9.3 

34.0 

10.0 

U/L 

Total  Billir. 

6.2 

+ 

1.0 

7.0 

5.0 

mg/dl 

Cholesterol 

90.5 

+ 

10.6 

108.0 

75.0 

mg/dl 

Trigly. 

48.4 

+ 

47.2 

140.0 

6.0 

mg/dl 

SCOT 

59.5 

± 

6.7 

69.0 

49.0 

U/L 

LDH 

348.3 

± 

38.4 

402.0 

290.0 

U/L 

CPK 

275.6 

± 

182.3 

612.0 

107.0 

U/L 

♦mean  ±/S.D. 
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TABLE  3 


SMAC-20  PROFILE  OF  38  FASTED  HORSES 


Parameter 

Mean 

Standard 

Deviation 

Maximum 

Minimum 

Units 

Glucose 

98.5 

+ 

16.9 

161.0 

61.0 

mg/dl 

BUN 

12.2 

+ 

3.3 

22.0 

8.0 

mg/dl 

Creatinine 

1.8 

+ 

3.8 

2.7 

1.1 

mg/dl 

Na 

139.7 

+ 

1.9 

144.0 

136.0 

meq/1 

K 

4,0 

+ 

5.5 

5.2 

2.3 

meq/1 

Cl 

106.6 

+ 

2.4 

110.0 

100.0 

meq/1 

COp 

25.8 

+ 

2.1 

30.0 

21.0 

meq/1 

Uric  Acid 

0.3 

+ 

1.8 

0.6 

0.0 

mg/dl 

Calcium 

12.6 

+ 

5.3 

13.5 

11.0 

mg/dl 

Phosphorus 

3.3 

+ 

8.4 

6.9 

2.2 

mg/dl 

Iron 

164.2 

+ 

35.1 

236.0 

108.0 

mcg/dl 

Total  Protein 

7.0 

+ 

5.6 

8.0 

5.3 

g/dl 

Albumin 

3.5 

+ 

3.7 

4.0 

1.8 

g/dl 

Aik.  Phos. 

238.0 

+ 

141.3 

999.0 

143.0 

U/L 

Total  Billir, 

1.1 

+ 

55.4 

2.8 

1.0 

mg/dl 

Cholesterol 

101.0 

+ 

16.4 

175.0 

79.0 

mg/dl 

Trigly. 

27.0 

+ 

24.1 

11.5 

0.0 

mg/dl 

SGOT 

207.0 

+ 

53.3 

375.0 

110.0 

U/L 

LDH 

271.0 

+ 

54.3 

396.0 

161.0 

U/L 

CPK 

104.0 

+ 

142.5 

934.0 

42.0 

U/L 

*Mean  ±/S.D. 
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Defense  Documentation  Center 
Alexandria,  VA  22314  (12) 

Director  of  Defense  Research  and 
Engineering 

ATTN:  Assistant  Director 

(Environmental  and  Life  Sciences) 
Washington,  DC  20301  (1) 

Uniform  Services  University  of  the 
Health  Sciences 
4301  Jones  Bridge  Road 
Bethesda,  MD  20014  (1) 

Commander 

US  Army  Medical  Research  and 
Development  Command 
ATTN:  SGRD-AJ  (Mrs  Madigan) 

Fort  Oetrick 

Frederick,  MD  21701  (5) 

Redstone  Scientific  Information 
Center 
DRDMI-TBD 

US  Army  Missile  R&D  Command 
Redstone  Arsenal,  AL  35809  (1) 

US  Army  Yuma  Proving  Ground 
Technical  Library 

Yuma,  AZ  85364  (1) 

US  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  DAVTE-M  (Technical  Library) 
Edwards  AFB,  CA  93523  (1) 

US  Army  Combat  Developments 
Experimentation  Command 
Technical  Library 
HQ,  USACDEC 
Box  22 

Fort  Ord,  CA  93941  (1) 


Aeromechanics  Laboratory 
US  Army  Research  & Technology  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035  (1) 

Sixth  United  States  Army 
ATTN : SMA 

Presidio  of  San  Francisco, 

California  94129  (1) 

Di rector 

Army  Audiology  S Speech  Center 
Walter  Reed  Arm/  Medical  Center 
Forest  Glen  Section,  Bldg  156 
Washington,  DC  20012  (1) 

US  Army  Materiel  Command 
Harry  Diamond  Laboratories 
Scientific  & Technical  Information 
Offices 

2800  Powder  Mill  Road 

Adel  phi,  MD  20783  (1) 

US  Army  Ordnance  Center  & School 
Library,  Bldg  3071 
ATTN:  ATSL-DOSL 
Aberdeen  Proving  Ground,  MD 
21005  (1) 

US  Army 

Environmental  Hygiene  Agency 
Library,  Bldg  E2100 
Aberdeen  Proving  Ground,  MD 
21010  (1) 

Technical  Library 
Chemical  Systems  Laboratory 
Aberdeen  Proving  Ground,  MD 
21010  (1) 

US  Army  Materiel  Systems  Analysis 
Agency 

ATTN:  Reports  Distribution 
Aberdeen  Proving  Ground,  MD 
21005  (1) 
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Director 

Biomedical  Laboratory 
Aberdeen  Proving  Ground,  MD 
21010  (1) 


US  Army  Field  Artillery  School 
Library 

Snow  Hal  1 , Room  16 

Fort  Sill,  OK  73503  (1) 


HDQ,  First  United  States  Army 
ATTN:  AFKA-MD  (Surgeon’s  Office) 
Fort  George  G.  Meade,  MD 
20755  (1) 

Director 

Ballistic  Research  Laboratory 
ATTN:  DRDAR-TSB-S  (STINFO) 

Aberdeen  Proving  Ground,  MD 
21005  (2) 

US  Army  Research  & Development 
Technical  Support  Activity 
Fort  Monmouth,  NJ  07703  (1) 

CDR/DIR 

US  Army  Combat  Surveillance  & 

Target  Acquisition  Laboratory 
ATTN:  DELCS-D 

Fort  Monmouth,  NJ  07703  (1) 

US  Army  Avionics  R&D  Activity 
DAVAA-0 

Fort  Monmouth,  NJ  07703  (1) 

US  Army  White  Sands  Missile  Range 
Technical  Library  Division 
White  Sands  Missile  Range 
New  Mexico  88002  (1) 

Chief 

Benet  Weapons  Laboratory 
LCWSL,  USA  ARRADCOM 
ATTN:  DRDAR-LCB-TL 
Watervllet  Arsenal 

Watervllet,  NY  12189  (1) 

US  Army  Research  & Technology  Labs 
Propulsion  Laboratory  MS  77-5 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135  (1) 


US  Army 

Dugway  Proving  Ground 
Technical  Library 
Bldg  5330 

Dugway,  UT  84022  (1) 

US  Army  Material  Development  & 
Readiness  Command 
ATTN:  DRCSG 
5001  Elsenhower  Avenue 
Alexandria,  VA  22333  (1) 

US  Army  Foreign  Science  & Technology 
Center 

AHN:  DRXST-ISl 
220  7th  St.,  NE 

Charlottesville,  VA  22901  (1) 

US  Army  Training  & Doctrine  Command 
ATTN:  ATCD 

Fort  Monroe,  VA  23651  (2) 

Commander 

US  Army  Training  & Doctrine  Command 
ATTN : Surgeon 

Fort  Monroe,  VA  23651  (1) 

US  Army  Research  & Technology  Labs 
Structures  Laboratory  Library 
NASA  Langley  Research  Center 
Mall  Stop  266 

Hampton,  VA  25665  (1) 

Commander 

10th  Medical  Laboratory 
ATTN:  DEHE  (Audiologist) 

APO  New  York  09180  (1) 

Commander 

US  Army  Natick  R&D  Command 
ATTN:  Technical  Librarian 
Natick,  MA  01760  (1) 
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Commander 

US  Army  Troop  Support  & Aviation 
Material  Readiness  Command 
ATTN:  DRSTS-W 

St.  Louis,  MO  63102  (1) 

Commander 

US  Army  Aviation  R&D  Command 
ATTN:  DRDAV-E 
PO  Box  209 

St.  Louis,  MO  63166  (1) 

Director 

US  Army  Human  Engineering 
Laboratory 

ATTN:  Technical  Library 
Aberdeen  Proving  Ground,  MD 
21005  (1) 

Commander 

US  Army  Aviation  Research  & 
Development  Command 
ATTN:  Library 
PO  Box  209 

St.  Louis,  MO  63166  (1) 

Commander 

US  Army  Health  Services  Command 
ATTN:  Library 

Fort  Sam  Houston,  TX  78234  (1) 

Commander 

US  Army  Academy  of  Health  Sciences 
ATTN:  Library 

Fort  Sam  Houston,  TX  78234  (1) 

Commander 

US  Army  Airmobility  Laboratory 
ATTN:  Library 

Fort  Eustis,  VA  23604  (1) 


Air  University  Library  (AUL/LSE) 
Maxwell  AFB,  AL  36112  (1) 


US  Air  Force 
Flight  Test  Center 
Technical  Library,  Stop  238 
Edwards  AFB,  CA  93523  (1) 

US  Air  Force 

Armament  Development  & Test  Center 
Technical  library 

Eglin  AFB,  FL  32542  (1) 

US  Air  Force  Institute  of 
Technology  (AFIT/LDE) 

Bldg  640,  Area  B 

Wright-Patterson  AFB,  OH  45433  (1) 
US  Air  Force 

Aerospace  Medical  Division 
School  of  Aerospace  Medicine 
Aeromedical  Library/TSK-4 
Brooks  AFB,  TX  78235  (1) 

Director  of  Professional  Services 
Office  of  The  Surgeon  General 
Department  of  the  Air  Force 
Washington,  DC  20314  (1) 

Human  Engineering  Division 
6570th  Aerospace  Medicine  Research 
Laboratory 

ATTN:  Technical  Librarian 
Wright-Patterson  Air  Force  Base, 

OH  45433  (1) 


US  Navy 

Naval  Weapons  Center 
Technical  Library  Division 
Code  2333 

China  Lake,  CA  93555  (1) 

US  Navy 

Naval  Aerospace  Medical  Institute 
Library 

Bldg  1953,  Code  012 

Pensacola,  FL  32508  (1) 
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US  Navy 

Naval  Submarine  Medical  Research 
Lab  ' 

Medical  Library,  Naval  Submarine 
Base 
Box  900 


Groton,  CT  06340  (1) 

Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625  (1) 

Naval  Air  Systems  Command 
ATTN:  V/STOL  Aircraft  Branch 
Department  of  the  Navy 
Washington,  DC  20360  (1) 

US  Navy 

Naval  Research  Laboratory  Library 
Code  1433 

Washington,  DC  20375  (1) 

US  Navy 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Department 
Warminster,  PA  18974  (1) 


Human  Factors  Engineering  Division 
Aircraft  & Crew  Systems  Technology 
Directorate 

Naval  Air  Development  Center 
Warminster,  PA  18974  (1) 

US  Navy 

Naval  Research  Laboratory  Library 
Shock  & Vibration  Information 
Center 
Code  8404 

Washington,  DC  20375  (1) 

Dir  of  Biol  & Med  Sciences  Div 

Office  of  Naval  Research 

800  N.  Quincy  Street 

Arlington,  VA  22217  (1) 


CO,  Naval  Medical  R&D  Command 
National  Naval  Medical  Center 
Bethesda,  MD  20014  (1) 

Commander 

Naval  Aeromedical  Research 
Laboratory  Det. 

PO  Box  29407 
Michoud  Station 

New  Orleans,  LA  70129  (1) 


Federal  Aviation  Administration 
Office  of  Aviation  Medicine 
Civil  Aeromedical  Institute 
ATTN:  Library 

Oklahoma  City,  OK  73101  (1) 


Department  of  Defence 
R.A.N.  Research  Laboratory 
P.O.  Box  706 

Dari inghurst,  N.S.W.  2010 
Australia  (1) 
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